Metal-chelating affinity hydrogels for sustained protein release.
Affinity hydrogels based on poly(ethylene glycol) diacrylate and a metal-ion-chelating ligand, glycidyl methacrylate-iminodiacetic acid, have been developed to systematically decrease protein release rates from hydrophilic tissue engineering scaffolds formed in situ. In the current work, tunable and sustained release of a model protein, hexa-histidine tagged green fluorescence protein (hisGFP), is accomplished by judiciously increasing ligand:protein ratio or replacing low-affinity nickel ions with high-affinity copper ions. Agreement between theoretical predictions of a reaction-diffusion model and experimental measurements confirm metal- ion-mediated sustained protein release from these affinity hydrogels is governed by equilibrium protein-ligand binding affinity (dissociation constant, Kd) as well as protein-ligand dissociation kinetics (protein debinding rate constant, k off). The former dictates the release rate in the early period of protein release while the latter determines the long-term sustained release effect. While metal-ion affinity binding has been widely used for various purposes including protein purification and surface patterning, this is the first report describing its application in systematically controlling protein release from hydrophilic PEG networks suitable for cell encapsulation. By using ligands with proper binding kinetic constants (Kd and k off), localized protein delivery can be sustained over clinically relevant timescales while maintaining a favorable environment for cell encapsulation and viability.